A semi-theoretical model based on the classical Eyring's mixture viscosity equation and the Wilson activity coefficient equation is presented for correlating the viscosity of ionic liquids with solvent systems. [6, 7] ; more detailed applications can be found in recent review articles [1] [2] [3] . On the other hand, the practical application of ILs to industrial processes is still limited because of the scarcity of available experimental thermodynamic and transport properties. However, the thermodynamic and transport modeling of ILs, in particular for mixtures containing ILs, have lagged behind growth [8, 9] .
ing of ILs and their mixtures. The model of Fang et al. [12] for IL mixtures requires the ionic liquid surface area as a starting point. Of course, the equation of Fang et al. [12] focuses on the developing of oneparameter model and has its own advantages. On the other hand, the Eyring-UNIQUAC equation [14] with two parameters can always give satisfactory results for mixture viscosity modeling. However, the Eyring-UNIQUAC equation [14] with the complex mathematical formulation requires two additional structure parameters for ILs, namely the surface and volume parameters, which are not easy to obtain. So in the viscosity modeling of ILs mixtures, the Eyring-UNIQUAC model cannot be easily applied.
Recently, a segment-based Eyring-Wilson equation was proposed by Sadeghi [17] to calculate the viscosity of mixtures containing polymers. Many studies have revealed that ILs have some similar properties to polymers, such as the high viscous character [2, 15] . It is well known that the Wilson activity coefficient equation [18] based on the local composition concept in thermodynamics has a simple mathematical function than the NRTL [19] , UNIQUAC [20, 21] and COSMO-RS [22] models. It is the purpose of the present study to extend the Eyring's mixture viscosity model and the Wilson activity coefficient equation to the viscosity modeling of ILs mixtures. The utility of the proposed model is illustrated with the successful representation of viscosity data for ILs mixtures covering a range of temperature and the entire range of ILs composition.
Theoretical background
Viscous flow of liquids can be regarded as an activated process according to the absolute rate theory approach of Eyring [23] . By the application of the Eyring's absolute rate theory [17, [19] [20] [21] [22] [23] [24] [25] [26] , the viscosity of binary mixtures containing ILs can be expressed as:
where η, V and x are the dynamic viscosity, the molar volume, and the molar concentration of compounds, respectively; subscripts mix, ILs and sol stand for the mixture, ionic liquids and solvent respectively; ΔE is the excess molar energy of activation for moving the sliding layer molecules from one energy minimum to the next layer by one flow unit. The concepts of classical thermodynamics have been extended to study the viscous flow behavior of ILs mixtures. In the last decade, many studies [17,19--26] have revealed that the approach for the derivation of G E used in phase equilibrium calculations can be used to derive the ΔE in Eq. (1). Eyring's absolute reaction rate theory seems to provide a good framework for modeling liquid-mixture viscosities, since any excess Gibbs energy function can be plugged into Eq. (1) to account for the ΔE term [26] . In this study, the Wilson equation based on the local composition concept is used to represent the ΔE term. The Wilson model for binary mixtures can be written as [18] :
where: (5) was about 2.59% for all 49 ILs systems. Only five systems of ILs mixtures have ADD% larger than 5%. Careful inspection of these systems with relatively large errors, it was found that some points of composition have quite larger errors than others. Because of the large value of viscosity of ILs and the evaporation of solvent during experiment, it was always the case that the viscosity determination for ILs mixtures had big errors for some points. Many studies [46] [47] [48] have pointed out that the high viscosity of ILs may be a limiting factor in the industrial application of ILs, because under these conditions the pumping and energy costs will become prohibitive. For real process applications, ILs can be diluted with an organic liquid component, which can confer primarily a suitable density and viscosity to the liquid phase. The well performance of the Eyring-Wilson equation for ILs mixtures presented in this study will be helpful for engineering and optimization calculations of mixtures containing ILs.
For comparison, the results of the Eyring-UNIQUAC [14] and Eyring-NRTL Equation are also shown in the Table 1 . Other models such as the Seddon Equation [11] and the Fang and He Equation [12] , that focus on the developing of one-parameter models are not compared here. [14, 20] . These parameters can be obtained by group contribution approach for traditional compounds such as alkanes and aromatics. However, due to the lack of pure component volume and area parameters for complex compounds, such as for the ILs, the UNIQUAC model cannot be easily applied for these systems. As shown in the [33] were recently given in Figure 1 From the figure and table, it can be seen that the agreement between experimental data and the correlation is excellent. The average absolute mixture viscosity deviation for the data in the Figure 1 is less than 1.5%. In Figure 1 , it can also be seen that the addition of organic solvents into ILs dramatically lowers down the viscosity of mixtures. In the solvent rich region (x ILs < 0.5) the viscosity of mixtures is only have Figure 1 . Plot of the experimental viscosity from Zhu et al. [36] The commonly used formulations for the temperature dependence of parameters in activity coefficient models were adopted:
where T is the temperature; A ij and B ij are temperature independent constants for a given ILs mixtures. As shown in Figure 2 , a single set of two binary parameters with temperature dependence by the Eq. (5) Poluteorijski model zasnovan na klasičnoj Eyringovoj jednačini za određivanje viskoznosti smeša i Wilsonovoj jednačini koeficijenata aktivnosti predstavljen je za korelisanje viskoznosti sistema jonska tečnost-rastvarač. Tačnost predloženog modela verifikovana je poređenjem izračunatih i eksperimentalno određenih vrednosti viskoznosti iz literature za 49 smeša sa ukupno 1560 eksperimentalnih tačaka. Rezultati pokazuju da jednačina slična Wilsonovoj jednačini koeficijenata aktivnosti može dobro biti primenjena za opisivanje neidealnog člana u Eyringovoj jednačini za određivanje viskoznosti smeša. Model je relativno jednostavnog matematičkog oblika i može se lako inkorporirati u softver za simulaciju procesa.
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